A METHOD OF FORMING THROUGH-WAFER INTERCONNECTS FOR
VERTICAL WAFER LEVEL PACKAGING BACKGROUND OF THE
INVENTION 1) Field of the Invention This invention relates generally to
vertically stacked wafer level packaging of silicon device wafers... More
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wafers for various applications like fabrication of through-hole interconnected

substrates, 3D stacked wa{erRvgl packpaing.A@msder of films or device
structures by transfer-bonding, etc. (2) Description of the Prior Art Modular

systems packaging applications are increasingly in demand as more and
more devices with different applications are integrated together. High density

and high speed transpiseGRA@ED ForakreqviEmeots for future products.
Multi chip module (MCM) is one of the methods in which different devices

can be integrated together in a 2D approach. However, the final assembly is
larger in size and miniaturization is limited. Since the size of the product is

1) Fiel®bfitdngvantdoat the same time, more functions are integrated, the MCM
approach is not a viable solution for the next generation microsystem

Iackagivgrid eclucistvipking aschecoetikea widtiRhpherkaeno o iicon device
the challenge ahead is how to make the package size smaller, but with
wafers.Nighee parf@imance whilesmegiingdsediahility fogusementstwo or more bonded wafers

for various applications like fabrication of through-hole interconnected substrates, 3D stacked

wafer level packaging, transfer of films or device structures by transfer-bonding, etc.

(2) Description of the Prior Art

Modular systems packaging applications are increasingly in demand as more and more
devices with different applications are integrated together. High density and high speed
transmission are additional requirements for future products. Multi chip module (MCM) is one of
the methods in which different devices can be integrated together in a 2D approach. However, the
final assembly is larger in size and miniaturization is limited. Since the size of the product is
shrinking and, at the same time, more functions are integrated, the MCM approach is not a viable
solution for the next generation microsystem packaging. Product shrinking has become like a
natural phenomenon and the challenge ahead is how to make the package size smaller, but with

higher performance while meeting reliability requirements.



Integrating devices in a vertical fashion can reduce the real estate of the total
package. 3D integration can be achieved by stacking the packages or by
stacking the dies or by stacking the wafers. An easy way of realizing this
approach is by stacking the chips one over the other and wire bonding the
IntegrafiiiP@e iceonyantiionalimamed efintaicennesineihectacketehipsiaky sde
wall contacts with metallization. In the above approach, the assembly is
integradoneaatchipHeMelasdsark@mhhe paitischigNIUetR#iiphE@eeS3IPg siekiigathe
integration of wafers is based on thinning, bonding, and interconnecting the

wafers Wafehsp Yy @abalgigsfiled jppte AN @Ughsyatenyiab g gy picallydnigndagfand wire

providing interconnects between both sides of wafers with microdevices and
bondin2f@dBriatadcusing ivaiamevel PaCkasiten (M) (KeWikRREPBKATNBYKEMIS all

show that vertical interconnects are favored because of space efficiency,

contactd@SiEMEMPciionh Bla RIS Up priaaaiiRhssndIBN PEsAS KICCBAPREEAREE assembly
and impedance. In the prior art, the article entitled "Through-wafer copper

cost is BiesaplRtiNg PrdbEeangdimensional ICs" by N. T. Nguyen et al, Institute of
Physics Publishing, Journal of Micromechanics and Microengineering, c.

2002, pp. 395-399, proposes a method using wafer to wafer bonding with a
photoresist layer as a bonding material to form through-wafer vial in a wafer.

Thetvararveth ibiaohavaies vaskisdir shinangeddadangther WaiRoWIt@ngaBe wafer
metal layer using the photoresist layer sandwiched between the seed metal

by throlaye haldithel wiake Mivithu Hhrorgk-wiaterrovighian henkoadingr Paeviliaioiiesisbnnects
layer exposed by the through-wafer vial is then subjected to

between both sides of wafers with microdevices and are fabricated using wafer level packaging

(WLP). Current packaging trends show that vertical interconnects are favored because of space

efficiency, design simplicity, heterogeneous integration, and low parasitic capacitance and

impedance.

In the prior art, the article entitled “Through-wafer copper electroplating for three-
dimensional ICs” by N. T. Nguyen et al, Institute of Physics Publishing, Journal of

Micromechanics and Microengineering, c. 2002, pp. 395-399, proposes a method using wafer to

wafer bonding with a photoresist layer as a bonding material to form through-wafer vias in a wafer.
The wafer with through-wafer vias is first bonded to another wafer with a seed metal layer using
the photoresist layer sandwiched between the seed metal layer and the wafer with through-wafer
vias for the bonding. The photoresist layer exposed by the through-wafer vias is then subjected to
exposure and development through the through-wafer vias to form seed areas. Once the seed areas

are formed, electroplating is performed to fill the through-wafer vias using these seed areas. After



exposure and development through the through-wafer vial to form seed
areas. Once the seed areas are formed, electroplating is performed to fill the
through-wafer vial using these seed areas. After 2 the via filling, the sacrificial
wafer has to be removed to separate the via-filled wafer for subsequent
the via BIPGESthintaeion JakHaAHClR RemBRiesdsipmartianethinnsepamiine: itsequent
wafer from the sacrificial wafer. Photoresist bonding cannot be removed by
proces<iespiaabRr g essingifetho deeaoaasthenvishaIgattaphedie the wasifriah the
wafer. One possible method could be by a conventional method such as a

sacrificRackGENtiRgsnathosh nainge RRIORe SishORRDBYLife HEt M pfeEaiid Hehods since the

strength is poor, the wafer can break during the thinning process. In this

vias ar€aggsHbeansligial valewaannohbeokeipR Ve EMIeIEhe BNRRRIVBHEs T method
article entitled "A Novel Electrically Conductive Wafer Through Hole Filled
such as\idadpiaiaannpeskind3Rile M Baskadioadiby & St Rremashandranredmih is poor,
2003 Electronic Componenets and Technology Conference, c. 2003 IEEE,
the wafeP cB2¥réa30d@tingsiaietailempiy e ctsonpimbeladianfillingiwiiaiansder digiabt be
wafer attached to the via wafer. In this method, the sacrificial wafer is
removddaiigside e via wafer using metal bonding by thermo-compression. Metal
bonding is stronger than the photoresist bonding and will not be affected by
the electroplating process. In this case the bonding integrity is good
compared to resist bonding. The sacrificial wafer is removed by a wafer
Quindieg priethad atidibisrnetaody Wafel BanrditgBodnedtive Watrathiough Hole
bond the sacrificial wafer to the through-hole wafer. Wafer bonding
Filled ERVIDMecdiSeeX PONSIVEMIBRIS Packaging” by C.S. Premachandran et al, 2003 Electronic

Componenets and Technology Conference, c. 2003 IEEE, pp. 627-630, gives details on the

through-hole via filling with a sacrificial wafer attached to the via wafer. In this method, the
sacrificial wafer is bonded to the via wafer using metal bonding by thermo-compression. Metal
bonding is stronger than the photoresist bonding and will not be affected by the electroplating
process. In this case the bonding integrity is good compared to resist bonding. The sacrificial wafer
is removed by a wafer grinding method. In this method, wafer bonding equipment is required to
bond the sacrificial wafer to the through-hole wafer. Wafer bonding equipment is expensive and
carries an additional cost to the final product. Also, thermo-compression bonding happens at a
higher temperature (above 350 °C) causing additional thermal stress to be applied to the wafer.
Another process involved in this method is the back grinding process. It is a destructive process of
physically removing the material by lapping/polishing methods. When removing the material by a
back grinding method, mechanical stress is generated and transmitted to the through-hole via wafer.

This poses a serious reliability issue for subsequent processes for the through-hole via wafer. A



carries an additional cost to the final product. Also, thermo-compression
bonding happens at a higher temperature (above 350 C) causing additional
thermal stress to be applied to the wafer. Another process involved in this
method is the back grinding process. It is a destructive process of physically

backgriRMRVRERE fMAtaIRURhAARRIRMRAtISHINC/IRINPAS WWheM semaMnodii® ecen the two

material by a back grinding method, mechanical stress is generated and

wafers ikansingittgeida:theHRravaiRshale Mewsielk JitisaPRSes @SsioHRIalRRIINnd,
issue for subsequent processes for the through-hole via wafer. A 3
subseqiraKgrindinacRIRe S&sH S andaise famageitesasdlicialiyvaterddhm BRRGRe0d, two
strength between the two wafers is not sufficient. This creates an earlier
additioRsBplo8¥scEaeks R thedsmerficinbwdebanst usuhagopieatly:. the machine
stops and the further grinding process is affected. In this method, two
additional processes are required increasing the cost of the final product.
Transfer bonding is discussed in the article "Wafer-level membrane transfer
heasking pnaalyGrySENiNR Siicor helomewrsdoreysEnie iiranedrfesaiiang@ing of
arrays" by F. Niklaus et al, Journal of Micromechanics and Microengineering,
polycry2@in®sHR8nedo bt MMBRISGIT thitidNMEN PIGNN Aratincigal oRjREiefdhg, Journal
present invention is to provide an effective and very manufacturable method
of Micihhiabiigatingnd WMiokghirieiipfoamnpeseEr sidstrate for vertically stacked
chip level and wafer level packaging of substrates with microdevices. Another
object of the invention is to provide a process for separating two or more
bonded

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide an effective and very
manufacturable method of fabricating a through-wafer interconnected substrate for vertically

stacked chip level and wafer level packaging of substrates with microdevices.

Another object of the invention is to provide a process for separating two or more bonded

wafers.

Yet another object is to provide a process for separating two or more bonded wafers for
various applications including fabrication of through-hole interconnected substrates, 3D stacked

chip level or wafer level packaging, and transfer of films or device structures by transfer-bonding.



wafers. Yet another object is to provide a process for separating two or more
bonded wafers for various applications including fabrication of through-hole
interconnected substrates, 3D stacked chip level or wafer level packaging,
and transfer of films or device structures by transfer-bonding. 4 A further

biRetHef HigdvsntiemivciQiproNide RIVIaE P ehioh SRR &g iBrouabulal8ole via
via interconnect wafer from a sacrificial wafer to which it is bonded. A still

intercofiAeek eieeh Af shadnrentian feite RiAKiHEe: asrpetaed for separating a
through-hole via wafer from a sacrificial wafer by a combination of high

frequency agitation and poor adhesion of metal to an intermediate polymer
layer such as lift-off polymer. A further object of the invention is to provide a

meiinedueiheralona tbrabg irielgonas itpreorrRactiRnsol) s copahinatian@bugh-hole
high frequency agitation and poor adhesion of metal to an intermediate

via wafeplyoighlayerrrishasdifbot polysnerior yerical-gtaaked ghindaveldassbr adhesion

wafer level packaging applications. Yet another object is to provide a method

of metQf&ranstesrhradinopofyhier s snchpasgiverppoagiive device structures to

another device wafer. A still further object is to provide a bottom-up via-fill

approach to fill the through-hole vial in a wafer by means of a sacrificial

wafer having a conductive layer deposited on a polymer layer such as lift-off

polyimesrwBisk: b shio W aaifiesl @t éopiaetaé a method of making through-hole via
interconnections by a combination of high frequency agitation and poor adhesion of metal to an

intermediate polymer layer such as lift-off polymer for vertically-stacked chip level and wafer level

packaging applications.

Yet another object is to provide a method of transfer bonding of thin films and passive or

active device structures to another device wafer.

A still further object is to provide a bottom-up via-fill approach to fill the through-hole vias
in a wafer by means of a sacrificial wafer having a conductive layer deposited on a polymer layer

such as lift-off polymer which has low adhesion to metal.

In accordance with the objects of this invention, a method of separating a through-hole via
interconnect wafer from a sacrificial wafer is achieved. A wafer is provided having through-holes
therein to form a through-hole via interconnect wafer. A substrate of a sacrificial wafer is

provided. The substrate is coated with any polymer having low adhesion to metals such as a lift-off



In accordance with the objects of this invention, a method of separating a
through-hole via interconnect wafer from a sacrificial wafer is achieved. A
wafer is provided having through-holes therein to form a through-hole via
interconnect wafer. A substrate of a sacrificial wafer is provided. The

polymesUbstataiistratewitigyira i etcsingdowaasiinsiesidolngetalsc s 84 the
a lift-off 5 polymer. A conductive layer is deposited on the polymer. A

conducBRONALRSISTIRYE: b SRANE ¥R NFeLRNBEIbEAYR  sabRgidIONBRINPIR M/ the

wafer is bonded to the sacrificial wafer wherein the photoresist layer

photord3iQVishes freendingbdiiBnghoracasist srspreehibséaathe uarmilasmiss is developed

developed away to expose the conductive layer. The through-holes vial are

away tdilQEARY WithGanductveyeratgHakhby elesseRlating & tansyGlive da)llictive material
exposed through the vial. The photoresist is stripped in a high frequency

by elecB@ialinp Bathouaete thephaivrasishasRdyr iesHonTiRetyeuaishRIe:MEIT in a

and wherein the filled through-hole wafer separates from the underlying

high frRlyagraaitanon ieiiacmebatnae piberalymepand e somdufdigslaysletafer and
complete separation of the through-hole via wafer from the sacrificial wafer.

whereilBREHIRESfoRIBHEMNWaferTddfia ANGNGS indbayase Polpayincad iavengs
forming a material part of this description, there is shown: Figs. 1 through 8

betweeiche matiaaiyaliugicatenduerbestsretionahippRiesepiaiiam afirst piefestetole via wafer
embodiment of the present invention. Figs. 9 through 13 schematically

from thystiafeitn eress-sectional representation a second

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is shown:

Figs. 1 through 8 schematically illustrate in cross-sectional representation a first preferred

embodiment of the present invention.

Figs. 9 through 13 schematically illustrate in cross-sectional representation a second

preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



preferred embodiment of the present invention. DESCRIPTION OF THE
PREFERRED EMBODIMENTS 6 Through-hole via and filling the via with a
conductive material in a silicon substrate is a critical process for vertical
integration of devices in wafer level packaging applications. Wafers with

diffesest-feienahehinmeanbga WagrateRriticaliyausingithissmeshadbstrate is a

eventually reducing the real estate and increasing the performance of the

critical HIbRIOMKGle ViERiGRL HRIRLP N IR i DREKATING 1HA0REARING I LISRINNF S fers

as product size is shrinking, while a greater number of functional chips are

with difRgleied WilbintRRip0Aa Baatdfy adi StAMROMIRRBisthe MIRERRE VAN RHucing
a through-hole via wafer is fabricated and is used to connect with other

the reaMsaf@isani etiemmpiliperapprare ks adinpilling theoia ith@sration or 3D
conductive material. For the bottom via filling method, a sacrificial wafer with

packagth €9 Hidetivenayen iz faitaahadio due: threughhhalandawtake h Byeateesistnber of

bonding method. An advantage of through-hole via filling by a bottom-up

functiofilingipeifo et ipiaiforimity ok\Wanitlngafrom the bottom side. Below the
conducting layer, a polymer layer with low adhesion to metals such as a lift

off polymer is used to have a low adhesion between the metal and the
sacrificial wafer. The detailed process flow of the first embodiment of the

presart isv®otananilbb ehelpsesdae thvaiitioieferanag:iohblgs:id Walefe rigcARW and is
more particularly to Fig. 1, a wafer 100 is shown. Wafer 100 can be a
used toRRSHME SlLDSHIAlE GLfARY £VdtadmsenTicone upies deviceiMEN S RtitRIABIOWIth a
conductive material. For the bottom via filling method, a sacrificial wafer with a conductive layer is
attached to the through-hole via wafer by a resist bonding method. An advantage of through-hole
via filling by a bottom-up filling method is uniformity of via filling from the bottom side. Below

the conducting layer, a polymer layer with low adhesion to metals such as a lift off polymer is used

to have a low adhesion between the metal and the sacrificial wafer.

The detailed process flow of the first embodiment of the present invention will be described
with reference to Figs. 1-8. Referring now more particularly to Fig. 1, a wafer 100 is shown.
Wafer 100 can be a passive substrate or may contain semiconductor device/MEMS/Optical/Bio
structures, not shown. Through-holes 105 are etched through the wafer 100 using the photoresist

pattern 102. The photoresist is removed.

Now, an isolation layer 106 is formed on all sides of the wafer, including within the

through-holes 105, as shown in Fig. 2. For example, the wafer may be oxidized to form an oxide



structures, not shown. Through-holes 105 are etched through the wafer 100
using the photoresist pattern 102. The photoresist is removed. Now, an
isolation layer 106 is formed on all sides of the wafer, including within the
through-holes 105, as shown in Fig. 2. For example, the wafer may be

layer 1061CiERECHRI{OERE RiQXIHGer dayBE BOGvEMPICHI, the tdde Ay hieRRBE s tailored to
between 1-5m, but the actual thickness is tailored to the specific application.

the speéifRaspghidanen 1080s-fRinmagdovey the,pxidedavemdQRiay RpsMes Byhangss

chemical vapor deposition (PECVD) or a low pressure CVD process. The

enhancBRUNRHIRYER 4P od ARPSHEH LI HRIErNDR LRIP BI I HiHS OW b FiREsd he Rk ler layer is
material can be silicon nitride or any other alternate material such as titanium

depositBitfid geltania|u b pEid@fision Gaditlugthatesthe sacsHiigiahveéasiiZh difijle or any
sacrificial wafer 200 preferably comprises silicon, glass, ceramic or organic

other aleatgféamdieaakeideatureat thepmrReennuantionidbersacrificial wafer 200 is
prepared for bonding. A polymer layer 202 which has low adhesion to metals

is coated on the top side of the wafer 200 to a thickness of about 4m, but not
limited to this thickness. The polymer layer may comprise any type of

Riateyinluvhicbshps dawiacihesioRitaooetale dacanablbvitforsEpapaieLd%\omprises
from the through-hole interconnect wafer during a resist removal process

silicon vithsdligdr freigusney agitatios:idn dactikey keyfeadft@opihemresentisivendiomrificial
the sacrificial wafer is prepared for bottom- up via filling. An optional adhesion
wafer Jogey glpdtedepobiadip/entpelpobimsicloy@l. wiiih [Byelomayhesion to metals is
coated on the top side of the wafer 200 to a thickness of about 4 wm, but not limited to this
thickness. The polymer layer may comprise any type of material which has low adhesion to metals

to enable it to separate easily from the through-hole interconnect wafer during a resist removal

process with high frequency agitation.

In another key feature of the present invention, the sacrificial wafer is prepared for bottom-
up via filling. An optional adhesion layer 204 is deposited over the polymer layer. This layer may
comprise titanium, chromium or tantalum and have a thickness of between about 200 and 1000
Angstroms, but not limited to this thickness. Now, a conductive layer 206 is deposited over the
optional adhesion layer. The conductive layer may comprise any conductive material such as
copper, gold, nickel, and so on, and may have a thickness of between about 0.1 and 1.0 pm, but not
restricted to this thickness. Finally, a positive photoresist layer 208 is coated over the conductive

layer to a thickness of about, but not restricted to, 2 pum.



comprise titanium, chromium or tantalum and have a thickness of between
about 200 and 1000 Angstroms, but not limited to this thickness. Now, a
conductive layer 206 is deposited over the optional adhesion layer. The
conductive layer may comprise any conductive material such as copper,

FQiebrAIGKEh ARSI 0. ON (ANEHBIBYE SRV 80R 1hiGiiiEss o IRRIMRAMALRYE B the two

1.0 m, but not restricted to this thickness. Finally, a positive photoresist layer

wafers 208 i3 FOBEE RYG/IBR GRNFYRIME alaVRRIS: ArthickgsS 1B RRBHI PihPQhture of 22 °C

restricted to, 2 m. 8 Referring now to Fig. 4, the photoresist 208 is used as an

to 145 déteﬁ[%%g{ﬁjig @¥?Jet9u@9rﬁg cjlh%tt\ﬁfﬁtm&{s\;%rqg%Peq'b-glﬂﬁewg%@%%er&)onding

bonded at a temperature range from room temperature of 22 C to

tool m he&liﬁ&é‘.elg‘fs m,z{-)f/&{)‘%ﬁété‘rh.s‘%&pﬂé‘&%?e" 3 ARG ﬁaﬁe%%fﬁﬁéﬂgoﬁ‘é‘é’ 1%§‘fsrexposed

onding to use ow, the photoresist reveale ottom o

ina pr(;db&ti%%j%né?p l?ﬁe 50 grggﬁgto ﬁeﬂvmoiﬁé%i@%%i etres-m%n%{%gi%?i%h-holes

eveloped to remove the resist within rough-holes as shown i

s T TN AT 8 BT e
moistu&%ﬁﬁ%%hg%gg@gg&}@gtmg Cf]ro%gﬁcqstfsq.less plating process to fill the vial
with a condu 1110

ctive materi , as shown in Fig. 6. Conductive layer 110 is
formed by electroplating or electroless plating using the conductive layer
206. Electroplating or electroless plating can take place on any conductive

PRIAIGHED 35 £RPSIH Al RCke El@&%g%&ﬁg O 261 CQAGHY B I8YUEE 1B the

is planarized by any method such as grinding; polishing,

vias with a conductive material 110, as shown in Fig. 6. Conductive layer 110 is formed by
electroplating or electroless plating using the conductive layer 206. Electroplating or electroless

plating can take place on any conductive metal such as copper, gold, nickel, and so on.

Now, the conductive layer 110 is planarized by any method such as grinding, polishing,

chemical mechanical polishing (CMP), etching, etc. as illustrated in Fig. 7.

Now, the through-hole wafer is to be separated from the sacrificial wafer. A solvent resist
strip process is applied, for example, in a high frequency agitation bath. For example, ultrasonic
agitation may be used. Since the polymer 202 has low adhesion to metal, peel-off will occur easily
at the point of contact at the via as shown by 215 in Fig. 8. High frequency agitation facilitates

easy separation of the top wafer 100 from the sacrificial wafer 200 by tearing off at the interface.



chemical mechanical polishing (CMP), etching, etc. as illustrated in Fig. 7.
Now, the through-hole wafer is to be separated from the sacrificial wafer. A
solvent resist strip process is applied, for example, in a high frequency
agitation bath. For example, ultrasonic agitation may be used. Since the

Aoy memédd har Ipsastnasiaimicn roetabsRasihe il araub e@siya il haBoiné

of contact at the via as shown by 215 in Fig. 8. High frequency agitation

througlfasiitales Lasyseprarasion Bf therHopwalas @ fremdhessasrifisialwatre20@he

by tearing off at the interface. 9 The method of the present invention focuses

convenfBiiienseRed QR Al the Waketheafieritigathradg - bolpriad 19r@itiRdted in this method.

completely by the electroplating or electroless plating process. The

The resiTéaHNANS MESHQE, Of RN pye il ensassifiGinl veahricls memRIeRIMI wafer 200
eliminated in this method. The resist removal solution (e.g. PRS 3000)

and theS@ftenhihelbondingdraveaniia saguistdl waieloddRitrestthas thrgughalgitation

via wafer 100. A high frequency agitation bath such as Ultrasonic agitation

bath fuRtBéh fdIpRerdelpsttheifpRiStsSINPRIRISOIY PR SIOUD 351 IO YR edtbilichet@een the
penetrate between the wafers and, at the same time, widens the gap

wafers BeQvVaaRdRenaials, MyidsmRankdngeehaBicaleanefdy bysispamindmicihaBical energy
Since the filled through-hole via is rooted to the conductive layer on the

as shoveagfifisabwaliatestpaiadidmiakes Maceiatithodniettagr ebtaadave adkesiorhe
polymer and the conductive layer connected to copper-vial. When the

sacrificibIeugbrh@igavationattred g0 sepatiaies drame tretpacrifiaidiawiaiepe@ther partnd
the conductive layer 204/206 debonds from the sacrificial wafer due to poor

conductifibésjencvithethednolyoppe20ds AMhenvial aie sapacaedafromethreasphicial from
wafer 200
the sacrificial wafer 200, a part of the conductive layer 204/206 debonds from the sacrificial wafer

due to poor adhesion with the polymer 202. All the vias are separated from the sacrificial wafer 200

by this method and the whole sacrificial wafer is separated from the through-hole via wafer 100.

The process of the present invention can be extended to other applications such as transfer
bonding of thin films and passive or active device structures to another substrate. The second

embodiment of the present invention will be described with reference to Figs. 9 through 13.

Referring now more particularly to Fig. 9, a target wafer 300 is shown. Thin structures are
to be transferred from a sacrificial wafer to this target wafer 300. Wafer 300 can be a device wafer,
a ceramic substrate, printed circuit board, flex film, and so on. If the target wafer is a device wafer

or contains a device wafer as part of the substrate, it may be a passive substrate or may contain

10



by this method and the whole sacrificial wafer is separated from the
through-hole via wafer 100. The process of the present invention can be
extended to other applications such as transfer bonding of thin films and
passive or active device structures to another substrate. The second

active MRS At IVaSersy e BIYWHHR HESGIRGHIWEN rBifyanesitdd a9 are

9 through 13. Referring now more particularly to Fig. 9, a target wafer 300 is

shown S/HYWthd iinSIikciuies ataotBeheidaiaired from a sacrificial wafer to this
target wafer 300. Wafer 300 can be a device wafer, a ceramic substrate,

printed circuit board, flex film, and so on. If the target wafer is a device wafer
or contains a device wafer as part of the substrate, it may be a passive

oSt OTaMAYFSOMBIN HAACHVEI SETNIGHafEHY) BeviseiMEMSIR RIS/ Biamic or

structures, not shown. Target regions 310 are shown where the thin

organicSHHEHEES [Are keyoR draRste iRt rE g sacufiaal, Wafer4aiishewlindoigs ppared for
preferably comprises silicon, glass, ceramic or organic material. In a key

bondinfeaIpR I9hiEElBrasemt IONRALIR, 16 RAeRfiGiab WRiRIs40QdstPdeRANIR @I side of the
bonding. A polymer layer 402 which has low adhesion to metals is coated on

wafer 408 tOR iR MRENT Avaieu40h, tuadbitknrss ©f dRautdmbsbutmetJinitee tayer may

this thickness. The polymer layer may comprise any type of material which

comprif@%?‘g/ﬁéjbﬁﬁ%ﬁgl meialsH eabigi e sepalatasassihubien (e fardeteasily from
wafer during a resist removal process with high frequency agitation. A

the tar EPNHHEINE LRl \RNEE ABOIFHERAT 1eRHAYEh tREqREARE aYBh Wikhcluctive metal
adhesion to metal. Optionally, an adhesion metal 404 such as Titanium can

layer 46¢ idappsied eferedponsilint.the matab 40RiHIQ¥h APRSHY Optionally, an adhesion

metal 404 such as Titanium can be deposited before depositing the metal 406. Now a positive

photoresist layer 408 is coated over the conductive layer 406 to a thickness of about, but not

restricted to, 2 um. The photoresist is soft baked to remove any solvent or moisture that might be

absorbed by the photoresist. The photoresist is patterned using a normal lithography process to

provide openings to the conductive layer 406.
Structures 405 are formed on the sacrificial wafer as shown in Fig: 11. For example, these
thin structures may be transducers, passive thin films, any active or passive device structures or a

protective Cap layer in a MEMS wafer level packaging.

The photoresist 408 is used as an intermediate layer to bond the two wafers 300 and 400, as

shown in Fig. 12. The wafers are bonded at a temperature range from room temperature of 22 °C to

11



photoresist layer 408 is coated over the conductive layer 406 to a thickness
of about, but not restricted to, 2 m. The photoresist is soft baked to remove
any solvent or moisture that might be absorbed by the photoresist. The
photoresist is patterned using a normal lithography process to provide
145°c.0@@{95@%@&&1@@&{&@%@/3&@3@%@@@%@ (8SvARS BERJArBIethPBARE bonding tool
sacrificial wafer as shown in Fig: 11. For example, these thin structures may
may bl dfansducers, passive thin films, any active or passive device structures or
a protective Cap layer in a MEMS wafer level packaging. The photoresist
408 is used as an intermediate layer to bond the two wafers 300 and 400, as
shown in Fig. 12. The wafers are bonded at a temperature range from room

RBWSIRUROl @ 2r& 191dHBeldpbraR EBHNGISYIAESHEN 28,2 NOLAIRIG AUER strip

wafer to warer bonder or any other bonding tool may be used. Now, the

procesdNaphnafehistahpsenpaiatet frequdhe,sastificialbyafer A selueit reriatstilp

process is applied, for example, in‘a high frequency agitation bath. For

agitatic?*RTPIR HERSORIG ARIIOMEPAYDRNISH: ANSH IR RAUVNA0SPR3IIcur easily
adhesion to metal, peel-off will occur easily at the point of contact at the thin

at the pUMSORRIRASSIVOHRR VS BHIEBSUVEIF A SRRV Eigrub Rurd SRS HCY 3.
agitation facilitates easy separation of the top wafer 300 from the sacrificia

High fr@%if@ﬁcﬁggi%&%%aﬁﬁféﬁémﬁ {OeriaeR- orR-adPasiany 800 dHAHVRJRY N ficial wafer
404/406 is removed after separation; for example, by a wet etch process.
400 by tearing off at the interface. The adhesion/conductive layer 404/406 is removed after

separation; for example, by a wet etch process.
While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various changes

in form and details may be made without departing from the spirit and scope of the invention.

12
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While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. 12 What is claimed is: 1.
Avmethadehseparating a through-hole via interconnect wafer from a
sacrificial wafer comprising: providing a wafer having through-holes therein

1. A méenfror sapdthresahnhalgni WalRrinfieuiting & srebstonie hsaitt pacrificial
wafer; 5 coating said substrate with a polymer layer with low adhesion to

compribi@ials such as a lift-off polymer; depositing a conductive layer on said
polymer; coating said conductive layer with a photoresist layer; bonding said

hiouahirhele M waleistthaidisasiéiaiaraales ihari seiduehaieresiatiayer:
10 provides said bonding; thereafter developing away said photoresist

Pxpegakin saiththeosiohibaesife Rxpagersaid conductive layer; filling said

through-holes with conductive material by electroplating said conductive

lay@Fngafaet substrate with a polymer layer with low adhesion to metals such as a lift-off
polymer;

depositing a conductive layer on said polymer;

coating said conductive layer with a photoresist layer;

bonding said through-hole via wafer to said sacrificial wafer wherein said photoresist layer
provides said bonding;

thereafter developing away said photoresist exposed in said through-holes to expose said
conductive layer;

filling said through-holes with conductive material by electroplating said conductive layer;
and

stripping said photoresist in a high frequency agitation bath wherein said photoresist
separates from said through-hole interconnect wafer and wherein said filled through-holes separate

from said polymer layer at an interface between said polymer layer and said conductive layer to

complete said separating said through-hole via interconnect wafer from said sacrificial wafer.

2. The method according to Claim 1 prior to said bonding further comprising:

forming an isolation layer on all surfaces of said through-hole wafer including within said

through-holes; and

13



15 stripping said photoresist in a high frequency agitation bath wherein said
photoresist separates from said through-hole interconnect wafer and wherein
said filled through-holes separate from said polymer layer at an interface
between said polymer layer and said conductive layer to complete said
FoRAAg FAIGUArBMgRhalgevian RiRIGaMAAGh Waar from said sacrificial
wafer. 2. The method according to Claim 1 prior to said bonding further
comprising: forming an isolation layer on all surfaces of said through-hole
wafer including within said through-holes; and 13 forming a diffusion barrier

3. The [AY@oARE&ILHIRLIIOMIAYE W RerE HEs G IRORRGC RN BB SPIAE AV AR INiC layer
said isolation layer comprises any dielectric layer such as silicon oxide. 4.

such as Kieceeshier according to Claim 2 wherein said diffusion barrier layer
comprises silicon nitride, titanium nitride, tantalum nitride or any
combinations of these. 5. The method according to Claim 1 wherein said
polymer is coated to a thickness of about 4 m. 6. The method according to

4. The RaHvdlavdoeiain srTIfRIMIRh SR seadiigyelosobrRiGasy SleRAsPINGAilicon nitride,
optional adhesion layer over said polymer layer; and depositing a conductive

titaniurlayRFrioyeEyinm Said piionah pdbesivatiaye b thdde method according to
Claim 6 wherein said optional adhesion layer comprises titanium, chromium,
or tantalum and wherein said optional adhesion layer has a thickness of
between about

5. The method according to Claim 1 wherein said polymer is coated to a thickness of about 4 pm.

6. The method according to Claim 1 wherein said forming said seed layer comprises:
depositing an optional adhesion layer over said polymer layer; and

depositing a conductive layer overlying said optional adhesion layer.
7. The method according to Claim 6 wherein said optional adhesion layer comprises titanium,
chromium, or tantalum and wherein said optional adhesion layer has a thickness of between about

200 and 1000 Angstroms.

8. The method according to Claim 1 wherein said conductive layer comprises any conductive layers

such as copper, gold, or nickel.

9. The method according to Claim 1 wherein said conductive layer is a seed layer for an

electroplating or electroless plating process.

14



200 and 1000 Angstroms. 8. The method according to Claim 1 wherein said
conductive layer comprises any conductive layers such as copper, gold, or
nickel. 9. The method according to Claim 1 wherein said conductive layer is a
seed layer for an electroplating or electroless plating process. 14 10. The
method according to Claim 1 wherein said conductive layer has a thickness
of between about 0.1 to 1.0. m. 11. The method according to Claim 1

10. Thavhenein saigrahptesesishioly @meRmpiise T hpasiH e phatesesibiciaxak bavhgeen
a thickness of about 2 m. 12. The method according to Claim 1 wherein said

about (PPRSING g@Mprises: aligning said through-hole via wafer and said sacrificial
wafer; and bonding said wafers using a heating device such as a hot plate
oven, wafer to wafer bonder or any other bonding tool. 13. The method
according to Claim 12 wherein said heating device heats said wafers to a

11. ThdSRRRRIAUMS Rfiketween alowha P shitbphothfesItnethad pislaimligfier

said electroplating or electroless plating step further comprising: planarizing

photor&AFYIEd tIHoRRRIES-LY & REBEESS ich as polishing, chemical mechanical
polishing (CMP), or etching.

12. The method according to Claim 1 wherein said bonding comprises:
aligning said through-hole via wafer and said sacrificial wafer; and

bonding said wafers using a heating device such as a hot plate oven, wafer to wafer bonder

or any other bonding tool.

13. The method according to Claim 12 wherein said heating device heats said wafers to a

temperature of between about 22 to 145 °C.
14. The method of Claim 1 after said electroplating or electroless plating step further comprising:
planarizing said filled through-holes by a process such as polishing, chemical mechanical

polishing (CMP), or etching.

15. The method according to Claim 1 wherein said high frequency agitation bath comprises a resist

solvent and a source of high frequency agitation such as ultrasonic agitation.

15
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15. The method according to Claim 1 wherein said high frequency agitation
bath comprises a resist solvent and a source of high frequency agitation
such as ultrasonic agitation. 15 16. A method of making through-hole via
interconnections by a polymer with low adhesion to metals such as lift-off

16. A et RaVRLBRRaRKRAING ARPERRIIRRS ARBYISI PELRReYVHingIewalREsion to
having through-holes therein to form a through-hole via wafer; providing a

metals SkSHAEQIRRAGHGIR) Waleic. mRatipmsaish sehstiateonifignelymer having

low adhesion to metals such as a lift-off polymer; depositing a conductive

Iadsh@RSAK JISNHNEE g CRVIME-HRId PRl iy EIRAMer thith ehrtoreSisiiayer;

bonding said through-hole via wafer to said sacrificial wafer wherein said

PhotIRSISt Jayarairoyider saildrending; 10 thereafter developing away said
photoresist exposed in said through-holes to expose said conductive layer;

flbinensaigdriisaacboles WitbigereUstNe Toatedatfy eleGHARIAERE K a lift-off
electroless plating said conductive layer; and stripping said photoresist in a

polymdpigh frequency agitation bath wherein said photoresist 15 separates from
said through-hole wafer and wherein said filled through-holes separate from
SRisbsiting a conductive layer on said polymer;

coating said conductive layer with a photoresist layer;

bonding said through-hole via wafer to said sacrificial wafer wherein said photoresist layer
provides said bonding;

thereafter developing away said photoresist exposed in said through-holes to expose said
conductive layer;

filling said through-holes with conductive material by electroplating or electroless plating
said conductive layer; and

stripping said photoresist in a high frequency agitation bath wherein said photoresist
separates from said through-hole wafer and wherein said filled through-holes separate from said
polymer at an interface between said polymer and said conductive layer to complete through-hole

via interconnections.

17. The method according to Claim 16 prior to said bonding further comprising:
forming an isolation layer on all surfaces of said through-hole wafer including within said
through-holes; and

forming a diffusion barrier layer on said isolation layer.

16



polymer at an interface between said polymer and said conductive layer to
complete through-hole via interconnections. 17. The method according to
Claim 16 prior to said bonding further comprising: forming an isolation layer
on all surfaces of said through-hole wafer including within said
through-holes; and forming a diffusion barrier layer on said isolation layer. 16
18. The method according to Claim 17 wherein said isolation layer comprises
18. Théméiglertisdayeto SUshas/sHikaRiRXidE RBMMAICESIE SaidHitelsion BRI C layer

layer comprises silicon nitride, titanium nitride, tantalum nitride, or any

such asGRRBINANRR AhdneBErelPsailaifeiRRthassar dine: @ fafRigesLEIwbeatfidittanium
polymer is coated to a thickness of about 4 m 20. The method according to

nitride, GAatauk® vhrRIES 16rsaigl Jorming: R @ corsiictive layer comprises: depositing
an optional adhesion layer over said polymer; and depositing a conductive
layer overlying said optional adhesion layer. 21. The method according to
Claim 20 wherein said optional adhesion layer comprises titanium,

19. ThehfQRYE ALCOF daipladudah AByvaRTiNALe PsI9hihese andavb argiricaick bariut 4
layer has a thickness of between about 200 and 1000 Angstroms. 22. The

um. Method according to Claim 20 wherein said conductive layer comprises
copper, gold, or

20. The method according to Claim 16 wherein said forming said conductive layer comprises:

depositing an optional adhesion layer over said polymer; and

depositing a conductive layer overlying said optional adhesion layer.
21. The method according to Claim 20 wherein said optional adhesion layer comprises titanium,
chromium, or tantalum or any combinations of these and wherein said barrier layer has a thickness

of between about 200 and 1000 Angstroms.

22. The method according to Claim 20 wherein said conductive layer comprises copper, gold, or

nickel.

23. The method according to Claim 16 wherein said conductive layer has a thickness of between

about 0.1 to 1.0 um.

17



nickel. 23. The method according to Claim 16 wherein said conductive layer
has a thickness of between about 0.1 to 1.0 m. 17 24. The method according
to Claim 16 wherein said photoresist layer comprises a positive photoresist
layer having a thickness of about 2 m. 25. The method according to Claim 16

24. ThRSIRIA S&I6rBRRANE BN PHSEF rAHIR BRI EBIRUghQltmpidvialgogitide

said sacrificial wafer; and bonding said wafers using a heating device such as

photor@i%?@tﬁagﬁg‘a WaiRAQ WRiBLROEMSR. or any other bonding tool. 26. The
method according to Claim 25 wherein said heating device heats said wafers

to a temperature of between about 22 and 145 C. 27. The method of Claim
16 after said electroplating or electroless plating step further comprising:

25. TheRAAGAIRG SRith I s CRUENNRRs A A BolighipLoshsfsical mechanical
polishing (CMP), or etching process. 28. The method according to Claim 16

WHELGID Saifighlamienty AalRlnn DAt SQiRRIigE R esist solvent and a

source of high frequency agitation such as ultrasonic agitation. 29. A method

ebHameieriaanding BiRUMs And BaRsYSueh ACUMR AEMICSSEMCIHIRS (O wafer bonder
another substrate comprising:

or any other bonding tool.

26. The method according to Claim 25 wherein said heating device heats said wafers to a

temperature of between about 22 and 145 °C.

27. The method of Claim 16 after said electroplating or electroless plating step further comprising:
planarizing said filled through-holes by a polishing, chemical mechanical polishing (CMP),

or etching process.

28. The method according to Claim 16 wherein said high frequency agitation bath comprises a

resist solvent and a source of high frequency agitation such as ultrasonic agitation.

29. A method of transfer bonding thin films and passive or active device structures to another
substrate comprising:
providing a substrate having target transfer regions thereon;

providing a sacrificial wafer;
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providing a substrate having target transfer regions thereon; providing a
sacrificial wafer; 18 5 coating said sacrificial wafer with a polymer layer with
low adhesion to metals such as a lift-off polymer; coating a conductive layer
on said polymer layer; coating a photoresist layer over said conductive layer;

RBHEABIRM S HErFRGAPKeSISE (AYE K 1oy RER RSO §O Sk SRNE URbNES | aXaT as a
10 forming said thin film and passive or active device structures on said

lift-off pendH&tive layer within said openings; bonding said substrate to said
sacrificial wafer wherein said thin film and passive or active device structures

20aEaId phairasisidavesPianidp saehending and wherein said thin film

and passive or active device structures contact said substrate at said target

iranshera paineRsANth & SHiPRING saidwetoragrist in a high frequency
agitation bath wherein said photoresist separates from said device wafer and

whesaimsaiddpibibn andgassivereviacthyeieyias siidchiesctsepPriRie from
said polymer layer at an interface between said polymer layer and said thin
filbmang spRSKivErtmastivpadavicersituctudesite semeplele saiditrabaRictive layer

bonding of said thin films and passive or active device structures to said
within @n@thsmsatastrate. 30. The method according to Claim 29 wherein said

substrate comprises a device wafer, a ceramic

bonding said substrate to said sacrificial wafer wherein said thin film and passive or active
device structures and said photoresist layer provide said bonding and wherein said thin film and
passive or active device structures contact said substrate at said target transfer regions; and

stripping said photoresist in a high frequency agitation bath wherein said photoresist
separates from said device wafer and wherein said thin film and passive or active device structures
separate from said polymer layer at an interface between said polymer layer and said thin film and

passive or active device structures to complete said transfer bonding of said thin films and passive

or active device structures to said another substrate.

30. The method according to Claim 29 wherein said substrate comprises a device wafer, a ceramic
substrate, a printed circuit board, or a flex film substrate or a device wafer as a portion of a

substrate.

31. The method according to Claim 29 wherein said polymer is coated to a thickness of about 4

wm.
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substrate, a printed circuit board, or a flex film substrate or a device wafer as
a portion of a substrate. 31. The method according to Claim 29 wherein said
polymer is coated to a thickness of about 4 m 19 32. The method according
to Claim 29 further comprising forming an adhesion metal layer overlying

32. ThSRIGRAARRIHBNE A0 HADOryiNBs AShGAIRMIE iyE AN 33nIIREIMRIAPHyer

according to Claim 29 wherein said photoresist layer comprises a positive

overlyiREQIMQRISiIRY QAR IRY dh HRigkRRSH RS @k gV 1a34r. The method according

to Claim 29 wherein said bonding comprises: aligning said substrate and
said sacrificial wafer; and bonding said substrate and said sacrificial wafer
using a heating device such as a hot plate oven, wafer to wafer bonder or

33. ThemaBesdeanding0olaidh 29 hehsreth b BEROISHNG:IQG4RiPs A WheigiDssiald

heating device heats said substrate and said sacrificial wafer to a

photord G PSIAtHER BEhalwaskR akAudéite ddo C. 36. The method according to
Claim 29 wherein said high frequency agitation bath comprises a resist

solvent and ultrasonic agitation. 20

34. The method according to Claim 29 wherein said bonding comprises:
aligning said substrate and said sacrificial wafer; and
bonding said substrate and said sacrificial wafer using a heating device such as a hot plate

oven, wafer to wafer bonder or any other bonding tool.

35. The method according to Claim 34 wherein said heating device heats said substrate and said

sacrificial wafer to a temperature of between about 22 to 145 °C.

36. The method according to Claim 29 wherein said high frequency agitation bath comprises a

resist solvent and ultrasonic agitation.
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